Systematic reviews aim to maximise transparency and comprehensiveness, whilst also 16 minimising subjectivity and sources of bias. Because of these time-consuming and complex 17 tasks, systematic reviews are perceived as being resource-intensive. To date, published 18 estimates of systematic review resource requirements have been largely anecdotal, being 19 imprecise and not based on evidence. However, it is valuable to provide reliable means of 20 estimating the resource and time requirements of systematic reviews and maps. We analysed 21 all CEE systematic reviews (n=66) and maps (n=20) published or registered between 2012 22 and 2017 to estimate the average time needed to complete a systematic review and map. We 23 then surveyed 33 experienced systematic reviewers to collate information on time needed for 24 each stage of the review process. Our results show that the average CEE systematic review 25 takes 157 days (SD; ±22), whilst the average CEE systematic map takes 209 days (SD; ±53). 26
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While screening of titles and abstracts is widely accepted to be time-consuming, in practice 27 meta-data extraction and critical appraisal can take as long (or even longer) to complete, 28 especially when producing systematic maps. Finally, we present a tool that allows the user to 29 predict the time requirements of a review or map given information known about the planned 30 methods and evidence base likely to be identified. Our tool uses evidence-based defaults as a 31 useful starting point for those wishing to predict the time requirements for a particular 32
Introduction 41
Systematic review methods were developed in the field of healthcare in the 1990s as a means 42 of collating, appraising and synthesising broad (and sometimes contradictory) bodies of 43 primary research studies [1] . The methods revolve around a suite of practices during the 44 conduct of a literature review that aim to maximise transparency and comprehensiveness, 45 whilst also minimising subjectivity and sources of bias [2, 3] . Systematic reviews are now 46 viewed as a 'gold standard' in evidence synthesis across not only healthcare [1] , but also 47 Some 30 responses were received through the online survey, yielding a response rate of 32%. 131
Three responses were discarded because of incomplete information (only one page of 132 responses received), resulting in a total of 27 valid responses. In addition, data from 6 133 systematic reviewers at one organisation in Canada were collated by their line manager and 134 forwarded for use in the analysis. This resulted in a maximum of 33 data points or each 135
question. 136 137

Compilation of data and calculation of metrics 138
Following collation of the data from published articles and survey respondents, data were 139 summarised using means and standard errors. Data were then transformed into the same units 140 and information regarding the volume of evidence at each stage of the review process were 141 combined with data on processing speeds to yield a set of summary data on the mean time 142 taken for each main stage of the review process, along with a standard error. Standard errors 143
were propagated for each individual calculation using an online error propagation tool 144 (https://www.eoas.ubc.ca/courses/eosc252/error-propagation-calculator-fj.htm). The main stages 145 of the review process were identified as outlined in Table 2 . These stages are based on the 146 CEE guidelines in systematic review [5] . Some data were arbitrarily set where CEE guidance 147 exists (e.g. the percentage of titles used as a subset for testing consistency before 148 commencing screening) or where data depend heavily on the experience level and efficiency 149 of the reviewer (e.g. time taken for meta-analysis). Details of the sources of each line of data 150 used in the calculation of times is provided in Table 3 . Default values, the summary data and 151 the calculations used to arrive at the metrics in Table 2 are provided in Additional File 2. 152
153
A software tool for estimating effort in future reviews 154 Following calculation of summary time metrics for each stage of the review process (and 155 propagated standard errors), an interactive research effort estimation tool was produced that 156 builds on our framework by allowing end users to replace the default or mean data with 157 specific values based on their own experiences or knowledge. Key requirements for the tool 158
were: transparency in indicating the sources and evidence behind default values through 159 methodological documentation provided herein; helping the user understand the nature of 160 each step in the review process; building in details and instructions from published guidance7 on systematic reviews; and, ease of use. The aim of this tool is to provide an indication of the 162 minimum time requirements for a systematic review. It is hoped that this tool will continue to 163 develop as the dataset upon which it is based expands and the models are refined. The 164 structure that provides caveats for missed steps is therefore intended as a conservative 165 warning where it is not based on evidence, and is informed by existing published systematic 166 review methodology and guidance. 167
The tool is provided in two formats. One format is based in an Excel spreadsheet, since this 168 format is downloadable and readily usable. The second format is a web-based app, which is 169 more easily updated and refined. The app was built in the R statistical environment [10] The software tool utilises several different types of user input. First, it requires an initial 174 number of articles that are returned by the 'search' stage of the systematic review or 175 systematic map. This is typically easy to estimate, as it is simply the sum of the number of 176 hits from all databases searched during the review. The software tool then combines this total 177 number of articles with estimates of the proportion of articles retained at each stage (i.e., title 178 screening, abstract screening, etc.), and the rate at which articles can be processed during 179 those stages. Typically, the proportion of articles retained increase as the review progresses, 180 while the number processed per day decreases. Finally, the user can add estimates of the time 181 taken to undertake specific tasks within the review process, such as conducting a meta-182 analysis or writing a report. These data are then combined into plots of the number of articles 183 expected, and the total time spent, on each review stage. 184
The tool underwent substantial revisions and alterations during our analyses. Over time, we 185 developed an increasing level of detail to reflect the variability and nuance across the suite of 186 activities that make up a systematic review or map. Our final tool is published here along 187 with detailed explanatory notes to guide the user through its use and to ensure that reliable, 188 contextualised data (i.e. through scoping) is provided where possible to increase the accuracy 189 of predictions. The excel version of the app is available in the supplementary information 190 (Additional File 3), while the web app can be used online at 191 https://mjwestgate.shinyapps.io/revtime/ or downloaded for use in R using the source code on 192 github (https://github.com/mjwestgate/revtime/).
Results
194
Assessment of published CEE SRs 195
A total of 108 systematic review publications were produced by CEE between May 2012 and 196 March 2017, of which 66 represented systematic reviews and 20 were systematic maps (86 in 197 total), though 35 of these documents (41%) were protocols for as-yet incomplete projects. 198
The majority of the data comes from systematic reviews, and of these data the majority relate 199
to as yet unfinished systematic reviews (Figure 1) . 200
The mean number of records remaining after each key stage in the conduct of a systematic 201 review is outlined in Figure 2 and Table 4 . The variability around the data is clearly large, 202 particularly for some points in the review process where data were lacking (e.g. meta-203 analysis, n=3). Some notable reviews could be perceived as outliers: for example, the 204 systematic review on the timing of mowing impacts on biodiversity in meadowland that 205 resulted in a particularly small set of search results (n=367) and a relatively high inclusion 206 rate at title screening stage (74.0%) [14] , and the systematic map of on-farm water quality 207 mitigation measures that resulted in a very large set of search results (n>145,000) and a 208 relatively high percentage of duplicates (49.5%) [15] . However, given the low sample size 209 these cases have been left in to reflect the real variability present. 210
It is also worth noting that there is a lack of consistent reporting in published systematic 211 reviews and maps. Despite the existence of published standards for the reporting of activities 212 in systematic reviews (e.g. PRISMA; [16] ) and requirements for a high level of detail in 213 reporting within the journal Environmental Evidence, only 8 or the 32 completed systematic 214 reviews and maps reported data for all stages of the review process (i.e. searching, duplicate 215 removal, title, abstract and full text screening and full text retrieval). 216
217
Survey of systematic review practitioners 218
Of the 33 included responses, only 7 provided data for all 15 questions asked about their 219 experience with reviews, while a further 12 provided data for the stages up to data/meta-data 220 extraction and beyond. On average, respondents had conducted a median of 2 systematic 221 reviews (minimum=0, maximum=18). Only one respondent had not previously conducted a 222 review before: data from this respondent were in relation to full text retrieval alone, since 223 they had acted as an assistant for a larger group of reviewers. We received fewer responsesabout later stages of the review than early stages (Table 5) , and particularly few responses 225 about the time taken to complete quantitative synthesis (effect size calculation and meta-226 analysis; n=7 and 8 respectively). 227
A typical CEE systematic review results in a mean of just over 11,000 search results, which 228 falls to approximately 8,500 unique records following duplicate removal (Table 4) The sample size for systematic maps was much smaller than for systematic reviews (n=20 235 versus n=66), but the volume of evidence was far greater for these maps: almost 35,000 236 search results were obtained on average, leaving over 20,000 unique records. Title screening 237 left over 4,000 relevant records and abstract screening left over 1,000. Just over 1,100 full 238 texts were retrieved, with over 400 being relevant at full text. Across the two cases where 239 critical appraisal was performed within a systematic map, on average of over 100 studies 240
were retained in the final map. 241
242
Estimated effort 243
The time taken for each stage of a systematic review were lower, on average, for the 244 corresponding stage of a systematic map (Figure 3 ). The total time estimated for an 'average' 245 systematic review is 157 days (SD; ±22), whilst the total time for an 'average' systematic 246 map is 252 days (SD; ±67) when including an optional critical appraisal step, or 209 days 247 (SD; ±53) excluding critical appraisal. This estimate includes a large amount of time allotted 248 to planning and administration, in an effort to be conservative (45 days for systematic 249 reviews and 60 days for systematic maps [including critical appraisal]). Stages that are 250 calculated by the model include those from searching to effect size calculation, whilst other 251 stages are set as arbitrary defaults that must be changed by the user (see 'The tool', below). 252
For these calculated stages, the most time consuming are title screening, full text screening 253 and critical appraisal, with meta-data and data extraction also requiring considerable time. 254
Searching (for traditional academic and grey literature), assembling a library of evidence, fulltext retrieval, and consistency checking required less time than most other stages. The 256 uncertainty around this data is substantial, resulting from the propagation of errors across the 257 models and the variability in the underlying source data. 258 259 Discussion 260
In this paper, we have presented the most comprehensive estimate to date of the effort needed 261 to complete environmental systematic reviews and systematic maps. Our results revealed 262 substantial variability in the number of articles included in synthesis projects, and the total 263 time taken to complete them. However, we also found key bottlenecks during early screening 264 and at critical appraisal and data extraction stages of each review. Below we expand on these 265 findings and their implications for future research practice. 266
267
Emergent patterns 268
We found several trends during our analysis that did not match our expectations about which 269 stages of the review would take the most time. Particularly surprising was the observation 270 that a relatively small proportion of time is spent on performing searching activities: between 271 7 and 7.5 days for reviews and maps, respectively. This result may reflect detailed 272 preparation, given that searching should be preceded by in depth building and testing of 273 search strategies, that will be outlined in an a priori protocol. Whilst we did not explicitly ask 274 expert reviewers how long they spent designing and testing a search strategy, this part of the 275 review process requires careful planning to ensure the review results are comprehensive and 276 representative of the true evidence base for a particular topic [17, 18] . 277
Equally unexpected was our finding that respondents' reported time spent on administration 278 was particularly large: on average 19% of their total time. For reviews this corresponded to 279 24 days, whilst for maps it was almost 40 for those including critical appraisal (35.5 for those 280 without critical appraisal). Reported administration time varied substantially (SD=12.3), 281 perhaps indicating discrepancies in respondents' definitions of what should be included. 282
However, this likely reflects the fact that systematic reviewing often requires time spent 283 coordinating a large, possibly international team, and may also require substantial learning or 284 'relearning' of particular skills, such as experimental design or statistics. We have notfactored in training time in our analysis, but this is worth considering for novel teams or those 286 that will rely heavily on group tasks using subject but not methodology expertise. 287
More expected was the large amount of time spent on screening (including retrieval); an 288 average of 80 and 27 days for systematic reviews and maps respectively. This is a large 289 proportion of the time budget (17% and 32% for reviews and maps, respectively [39% for 290 maps excluding critical appraisal]). These differences highlight the fact that resources are 291 predominantly shifted towards identifying evidence in maps, whereas far more time is 292 devoted to synthesis in reviews. In reviews a similar time is spent on extracting and analysing 293 the data as screening (25 days). In maps, however, the proportion of total time on extracting 294 meta-data and coding is relatively lower (also 25 days). 295
296
The implications for 'optional' activities 297
Our calculations allow us to estimate the impacts of various optional activities on the total 298 time requirements of a systematic review or map. Current CEE guidance suggests that a 299 subset of articles is checked for consistency in the application of inclusion criteria between 300 two reviewers prior to commencing screening in earnest [5] , and it suggests that 10% of 301 records should be checked as a minimum. However, in the field of healthcare systematic 302 reviews, dual coding is common [e.g. 19] . By altering the level of consistency checking from 303 the recommended minimum of 10% at each stage to 100% (i.e. complete dual screening), the 304 total time required changes from 155 days to 183 days, an increase of 18%. Whilst regarded 305 by some as a gold standard for systematic review methodology [1], this increase in time 306 requirements is substantial and may prove too costly for some. However, it may be an 307 important concession to maximise reliability and minimise human error in some cases. 308
Similarly, the CEE guidance suggests a selection of review bibliographies is screened to help 309 to maximise comprehensiveness of the search [5] . Increasing this bibliographic checking or 310 'citation chasing' can require considerable time if, for example, all identified reviews are 311 screened in this way, or even if all articles' bibliographies are screened. Assuming that the 312 inclusion rate at title, abstract and full text (and retrieval rate) remain the same in 313 bibliographic checking as for the core of the review, one can readily predict the additional 314 time needed to screen a certain number of reviews or articles in this way. Within a systematic 315 map, a larger volume of reviews is likely to be found, and the user can specify this number.
For example, in a systematic map of the impacts of vegetated strips within and around fields 317 [20] , around 100 review bibliographies were checked for additional potentially relevant 318 articles. Altering the number of bibliographies checked in our tool to 100 increases the time 319 requirement from 255 to 271 days (6%). 320
321
Comparison with existing estimates 322
Previous estimates of the resource requirements of systematic reviews have been imprecise 323 and vary substantially, from between 6 months and 24 months or several years (Table 6) . 324
Anecdotally, we have heard estimates that are as long as 5 years by a leading institute that 325 produces systematic reviews in healthcare in Sweden (SBU,
. Our 326 analyses demonstrate that the time requirements for an 'average' CEE-style systematic 327 review need only take 157 days (FTE). This estimate represents just under 1 year FTE, taking 328 vacation, public holidays, and other regular disruptions to full time work into account. 329 Therefore, our analysis reveals a resource requirement in the lower end of the rough estimates 330 provided in the literature. Interestingly, our estimate is under half that of the only other 331 evidence-based assessment of which we are aware, which corresponds to approximately 337 332 days [9] . It is vital to remember that the time estimate by Borah et al. (2017) and the other 333 rough time estimates in the literature are typically meant to reflect the time required to 334 conduct a systematic review, rather than the resource requirements. However, the average 335 total salary costs for a postdoctoral research at Bangor University (chosen arbitrarily due to 336 our knowledge of the university, including National Insurance and USS pension 337 contributions) for 12 months is 48,593 GBP at the time of writing 338 (https://www.bangor.ac.uk/finance/py/documents/pay-scales-en.pdf). Including other 339 costs, such as support staff time and travel and subsistence for meetings, this sum is unlikely 340 to rise above 100,000 GBP. This value, again, sits below the mid points for the roughly 341 estimated cost ranges provided in the literature. 342
Our estimates do not attempt to predict a full costing of a systematic review. Furthermore, 343 our analyses are based on reported volumes of work and efficiency rates from the literature 344 and expert systematic reviewers. As such, the numbers are in need of validation using 345 detailed, accurate records of recently completed reviews. However, our estimates and tool are 346 a useful starting point for those wishing to better understand the demands and likely time 347 requirements of a systematic review or map. 348
The times estimated by our tool for the time required to undertake a systematic review are 349 realistic relative to the reviews conducted by Mistra EviEM. This 6 year project funded by 350 Mistra to undertake systematic reviews and maps in the field of environment relevant to the 351 Swedish environmental goals (www.eviem.se/en). The project will have completed 17 352 systematic reviews and maps over a 6.5 year period, with c. 20 years of full time equivalent 353 staff resources (review project managers); approximately 2.2 years of time per review. 354 However, our estimates for systematic maps are somewhat higher than those indicated for 355
EviEM maps in our experience. This is almost certainly the result of a small and 356 heterogeneous evidence base for completed systematic maps: fewer systematic maps have 357 been completed to date and the variability around the volume of evidence is substantial (SD 358 for systematic review total search results is 11,786 records, whist it is 39,434 for systematic 359 maps). Systematic maps are more adaptable by their very nature [21, 22] , but a larger 360 evidence base would be useful in increasing the precision of the data in our tool. 361
362
Limitations of our analysis and the evidence base 363
Our analysis presents the best available information on the number of articles, and the 364 amount of time, included in a typical environmental systematic review or map. However, it is 365 possible that a number of factors may adversely affect the reliability of our analyses of the 366 'average' time needed to complete a review or map. Below we outline some of these points 367 so as to avoid the risk of faulty interpretation of our results. 368 First, our systematic review calculations assume a quantitative synthesis will be performed, 369 which may be true for the majority of current systematic reviews in the field of environment. 370
However, qualitative synthesis is a valuable evidence synthesis method [23] , and its use will 371 likely increase in CEE reviews in the future. However, qualitative systematic reviews often 372 do not hold the same regard for issues such as comprehensiveness that quantitative systematic 373 reviews do. For example, qualitative syntheses may stop screening after a certain point 374 because of information saturation. Accordingly, these reviews should be dealt with different 375 when performing an analysis relating to time requirements, and tools for predicting times 376 should be built specifically for these kinds of analysis. It may be the case, however, thatspecific qualitative reviews could adapt our tools to fit the desired methods. Our intention, 378 however, is not to make a universal analysis or tool for all types of reviews. Instead, we focus 379 on traditional quantitative systematic reviews. 380
Second, all of the data in our analyses have a high level of variability, poor levels of 381 reporting, or both. This results both from a heterogeneous evidence base and a relatively 382 small sample size. For example, of the 19 completed systematic reviews, only 8 reported the 383 number of duplicates removed from total search results. Similarly, whilst 18 reviews reported 384 the total number of included articles, only 10-11 articles reported the number of articles 385 following title screening, abstract screening and full text retrieval. Future CEE reviews 386 should strive to report such methodological information consistently, and CEE should create 387 or adhere to accepted reporting standards for all published reviews (e.g. PRISMA [16] or 388 ROSES [24] ). Future analyses should increase sample size, making the most of the rapidly 389 expanding body of reliable systematic reviews. Indeed, efforts to record descriptive summary 390 information regarding systematic review methods are underway (e.g. ROSES [24] ). 391 Third, we were not able to provide evidence-based data for all parts of our analysis. suffer from low efficiency in the earlier stages of a review. Finally, undertaking reviews over 403 an extended time period can result in particularly low efficiency if core staff must reacquaint 404 themselves with their own work after significant gaps. 405 Fifth, our tool allows the end user to estimate the time required to complete a systematic 406 review or systematic map, and our analyses of the evidence base provide useful default 407 values should any information be unknown to the user. These default values, however arebased on an 'average' systematic review or map. It is important to note that the heterogeneity 409 across CEE reviews means that this 'average' review, whilst helpful as a starting point, is 410 perhaps not a meaningful entity. Context is highly important for each review, and knowing 411 something about the volume or the nature of the evidence (e.g. proportional relevance of a 412 subset) will allow end users to estimate time requirements much more accurately. We should 413 not assume that all reviews are alike and that the times calculated in our analysis are a 414 reliable estimate alone when planning a review. We encourage users to undertake good 415 quality scoping, as suggested in the CEE Guidelines [5] so as to provide reliable predictions 416 of the volume of evidence, the proportional relevance of articles and studies, and the time 417 required by the user's team to undertake specific tasks. 418
Finally, we have calculated mean volumes of evidence at each stage of the review process 419
and have used inclusion rates and working speeds to calculate an independent mean time 420 requirement for each stage based on available evidence. However, many reviews do not 421 report all data for each stage of the review, and the results of one stage are dependent upon 422 the nature of the stages preceding it. In ideal circumstances, we would have full data from all 423 reviews that would allow us to model the time requirement based on various contextual 424 variables, for example the inclusion rate of the preceding stage. This is not possible with our 425 limited dataset, however, and our methods represent a necessary compromise. 426 427
Future work needed 428
As described above, there is a need for a greater number of data points in future analyses, 429 both for published systematic reviews and maps and for survey data relating to processing 430 speeds. This itself would be aided by better reporting of methods used and records found at 431 all stages of the review process in CEE reviews. Some efforts are underway to record this 432 data more consistently (e.g. ROSES [24] ). 433
We also highlight the need for evidence-based estimates of the financial costs associated with 434 systematic reviews, taking into account the price of necessary software, consultancy support 435 (e.g. from an informatician), registration and publication fees, communication materials, and 436 physical meetings. Although there will be considerable local and regional variability in the 437 real world prices of these services, an itemised list of recommended activities is a vital point 438 of departure for those planning an efficient and successful review. Tables  529  Table 1 
